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D. G. Higman $($ Sept 20, $1928-Feb13$ , 2006 $)$
Ph. $D$ , 1952, University of Illinois (adviser: Reinhold Baer)
McGill University (1952–)
Montana State University $($ 1954–)
University of Michigan (1956–) (Full Professor, 1960-1998)
Visits to Japan: 1966, 1974, 1994, 1997.





Mathematical work of D. G. Higman
1950
1960
$\bullet$ Geometry of classical groups
(Geometric ABA-groups, Flag transitive subgroups of projective groups)
$\bullet$ Rank 3 permutation groups (1964–)
$\bullet$ Discovery of Higman-Sims simple group of order 4, 352, $000=2^{9}\cdot 3^{2}\cdot 5^{3}\cdot 7\cdot 11$ (1968)
$\bullet$ Intersection matrices for finite permutation groups (1967)
( permutation group of maximal diameter
Norman L. Biggs distance-transitive graph (group) (
$)$ )
1970
$\bullet$ Strongly regular graphs (study of 4-vertex conditions)
$\bullet$ Krein condition $q_{ij}^{k}\geq 0$ (study of generalized polygons)
$\bullet$ coferent conflgurations and association schemes
$\bullet$ Applications of coferent configurations and association schemes to finite
geometries
( 2 Higman )
Higman-Sims ( ) Frangois Jaeger Higman-Sims ( )
F. Jaeger: Strongly regular graphs and spin models for the Kauffman polynomial, Geom.
Dedicata 44 (1992), 23-52.
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Higman-Sims
Higman-Sims parameter $(v, k, \lambda, \mu)=(100,22,0,6)$ strongly regular graph
1968
parameter strongly
regular graph 1956 Michigan State University Statistics Department Dale
M. Mesner Ph. $D$ thesis
Witt $3-(22,6,1)$ Mathieu
$M_{22}$ Mesner Witt $3-(22,6,1)$
$3-(22,6,1)$ $2-(22,6,5)$
$2-(22,6,5)$ strongly regular graph
( parameter strongly regular graph
Mesner Higman-Sims ) Mesner












(transitive) rank 3 perm. group$rightarrow$ strongly regular graph
(with subdegrees 1, $k,$ $k(k-1)$ Moore graph of diameter 2 with valency k)
(transitive) perm. group of maximal diameter distance regular graph
($=distance$-transitive group (graph)) (P-poly. assoc. scheme)
transitive perm. group$rightarrow$ association scheme
(general) perm. group coherent configuration
(Here, general means not necessarily transitive. Also, note that the concept of coherent
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configuration was first defined by D. G. Higman around 1970.)
Association Schemes and Coherent Configurations
Association Schemes ( AS
$)$ Coherent Configurations ( CC )
$G$ $X$ ( )
$G$ $X\cross X$ $G$ orbits ( ) $\mathcal{O}_{0},$ $\ldots \mathcal{O}_{d}$
$x,$ $y\in X$ $(x, y)\in R\Leftrightarrow(x, y)\in O_{i}(i=0,1, \ldots, d)$
$(X, \{R\}_{0\leq i\leq d})$ $\mathcal{O}_{0}=\Delta=\{(x, x)|x\in X\}$ ( $G$ $X$ )
AS CC
AS CC
$X$ $R_{\eta}\cdot\subset X\cross X(i=0,1, \ldots, d)$
(1) $X\cross X=R_{0}\cup R_{1}\cup\cdots\cup R_{d}$ and $R\cap R_{j}=\emptyset$ , if $i\neq j$ .
(2) $R_{4}=\Delta(=\{(x,x)|x\in X\})$ or $(2bis)R_{0}\cup R_{1}\cup R_{r-1}=\Delta$ .
(3) For each $i\in\{0,1, \ldots , d\},$ $i’\in\{0,1, \ldots, d\}$ such that ${}^{t}R_{\tau}\cdot=$ Ra/.
(4) $\forall i,j,$ $k\in\{0,1, \ldots, d\},$ $|\{z\in X|(x, z)\in R, (z, y)\in R_{j}\}|=$ const $(=p_{i}^{k_{j}},)$ , whenever
$(x,y)\in R_{k}$ .
$(X, \{$ $\}O\leq i\leq d)$ (1), (2), (3), (4) AS (1), $(2bis)$ ,
(3), (4) CC ( AS CC AS
homogeneous CC )
AS, CC $A_{i}$
$\mathcal{A}=<A_{0},$ $A_{1},$ $\ldots,A_{d}>\subset M_{|x|}(\mathbb{C})$
AS Bose-Mesner CC coherent algebra semi-
simple D. G. Higman coherent algebra
(1) Coheremt Configurations, I, (Geom. Dedicara, 1973),
(2) Coheremt Configurations, II, (Geom. Dedicara, 1975),
(3) Coheremt Algebras, (Lin. Alg. Appl., 1987).
CC AS (commutative) AS
(symmetric) AS AS (
) P-polynomial, Q-polynomial, P-and Q- polynomial AS
P-and Q- polynomial AS Leonard, Bannai-Ito,
Terwilliger It$\sim Terwilliger$
P-and Q- polynomial AS
P-and Q- polynomial AS AS
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(Proper ) CC ?
D. G. Higman ( )
Proper $\gamma_{\grave{*}}$ Coherent configuration (CC)
$(X, \{$ $\}0<i\leq d)$ proper CC $\cup Ri\cup R_{r-1}=\Delta$ $r\geq 2$
$i\in\{0,1, \ldots, r-1\}$ $X_{1}=\{x\in X|(x, x)\in$ $\}$ $X_{i}$
fibers $X=X_{0}\cup X_{1}\cup\cdots\cup X_{r-1}$ (disjoint) (
$r$ fibers )
$R_{k}(k=0,1, \ldots, d)$ ” $i,j\in\{0,1, \ldots, r-1\}$ such that
$R_{k}\subset X_{i}\cross X_{j}$ .
$i,j\in\{0,1, \ldots, r-1\}$
$s_{ij}=|k\in\{0,1, \ldots, d\}|R_{k}\subset X_{i}\cross X_{j}\}|$
( $s_{ij}=s_{Jt}$ ) $i\in\{0,1, \ldots,r-1\}$
$(X_{i}, \{R_{h}\})$ $($ $(R_{h}\subset X_{i}\cross X_{i}))$ $s_{ii}-1$ (
relations $s_{ii}$ ) AS CC $(X, \{$ $\}O\leq i\leq d)$ type
( $s_{ij}=s_{ji}$ )
$\{\begin{array}{llll}s_{00} s_{01} \cdots s_{0,r-1} s_{11} s_{1,r-1} \ddots s_{r-1,r-1}\end{array}\}$
$s_{ij} \leq\min\{s_{ii}, s_{jj}\}$ $G$ $X_{i}$
$\pi_{i}$ $G$ $X_{i}$ $s_{ij}=(\pi_{i}, \pi_{j})_{G}$
( )
(Higman ) CC $r$ $s_{ij}$
( rank 3 permutation groups ) $r=2$
$\forall s_{ij}<3$ types
(1) $\{2 22\}$ , (2) $\{2 23\}$ , (3) $\{\begin{array}{ll}3 2 3\end{array}\}$ , (4) $\{\begin{array}{ll}3 3 3\end{array}\}$ ,
(1) symmetric design
(2) quasi-symmetric design
(3) Higman strongly regular design of the first kind,
(4) Higman strongly regular design of the second kind,
(1), (2) Higman (3), (4)
2
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Strongly regular designs and coherent configurations of type $(\begin{array}{ll}3 2 3\end{array})$ , (Europ. J. Comb.
9 $(1988),411- 422)$ ,
Strongly regular designs of the second kind (Europ. J. Comb. 16 $(1995),479- 490$ )
$\{\begin{array}{ll}3 2 3\end{array}\}$
$(X, \{R_{i}\}_{0\leq i\leq d})$ type CC $r=2$ $X_{0}$
$X_{1}$ $d=9$ $(d+1)^{3}=1,000$
$p_{i}^{k_{j}}$
$|X_{0}|=n_{1}$ , $|X_{1}|=n_{2}$ $S$
$a_{1},$ $b_{1}$ 2 intersection 2 $a_{2},$ $b_{2}$ 2
2 Higman parameters





$n_{1}\leq n_{2}$ , $n_{1}\leq 50$ 13 feasible parameters
parameters CC
parameters strongly regular graphs $(X_{0}, R)$ (
) strongly regular graphs $X_{1}$ $X=X_{0}\cup Xi$ strongly regular design
(of the first kind)
( parameters
)
type $\{3 33\}$ Higman
type $\{\begin{array}{ll}2 2 4\end{array}\}$ Hobart (Discrete Math., 1991)
Higman
Rank 5 association schemes and triality $($Lin. Alg. $AppI,$ $(1995))$
$(X, \{R_{i}\}(i=0,1,2,3,4))$ rank5 AS $R_{0}\cup R_{1}\cup R_{2}$ $X$




$\Gamma=G\cdot S_{3}$ $\Gamma$ $\Omega$ $1\in\Omega,$ $H$ $1\in\Omega$ $\Gamma$
$\Omega\cong\Gamma/H$ $\Omega=\Omega_{1}\cup\Omega_{2}\cup\Omega_{3}$ $\Omega_{i}$ $G$ orbit
rank3 $S_{3}$ $\{\Omega_{1}, \Omega_{2}, \Omega_{3}\}$ 3
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rank 5 AS $G$ $\Omega$
intransitive CC type $\{\begin{array}{l}33***3\end{array}\}$ ( $*$ )
CC
Uniform association schemes
$\Gamma=G\cdot S_{t+1}$ $\Omega$ $\Omega=\Omega_{1}\cup\Omega_{2}\cup\cdots\cup\Omega_{(t+1)}$ (disjoint) $\Omega_{i}$
$G$ rank $m$ $\{\Omega_{1}, \Omega_{2}, \cdots, \Omega_{(t+1)}\}$ $S_{(t+1)}$
$G$ $\Omega$ CC
CC type $m$ $P$ ”uniform
$(t,p, m)-$ association schemes” type CC AS
(
)
W. H. Haemers-D. G. Higman: Strongly regular graphs with strongly regular decompo-
sition, Lin. Alg. Appl. (1989),
strongly regular graph $\Gamma$ 2 strongly $regula\tau$ graphs $\Gamma_{1}$ $\Gamma_{2}$ disjoint union
$\Gamma$ strongly regular designs of
the first kind ( CC of type $\{\begin{array}{ll}3 2 3\end{array}\}$ ) quasi-symmetric designs (
CC of type $\{\begin{array}{ll}2 2 3\end{array}\}$ ) parameters
CC
Higman 70 ( 14
(1997) $)$ 43-48
Some highly symmetric chamber system,
buildings AS CC
D. G. Higman examples







Euclidean designs coherent configurations
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Euclidean t-designs Euclidean
t-design spherical design $\mathbb{R}^{n}$
$t$
( Euclidean t-design Neumaier-Seidel
(1988) cubature formula
rotatable design )
$X$ type $\{3 23\}$ CC $X=X_{0}\cup X_{1}$ ( $G$ $X_{0},X_{1}$
rank3 $G$ $X_{i}$ $\pi_{i}$
$\pi_{0}=1+\chi+\phi$ ,
$\pi_{1}=1+\chi+\psi,$ $(\psi\neq\phi)$
$X=X_{0}\cup Xi$ $\mathbb{R}^{dim\chi}$ 2
$X=X_{0}\cup Xi$ Euclid t-design
$\bullet$ Euclidean t-designs tight t-design
$\bullet$ Euclidean t-design CC (
Bannai-Bannai [2] )
$\bullet$ Spherical t-designs AS Euclidean t-designs
CC
$X$ $\mathbb{R}^{n}$ 2 tight 4-design
$X$ $X_{0},$ $X_{1}$ $X=X_{0}\cup X_{1}$ CC type
$\{\begin{array}{ll}3 2 3\end{array}\}$ $\{\begin{array}{ll}2 2 3\end{array}\}$
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